Background: Green tea intake is accompanied with a lower incidence of cardiovascular disease, cancer and neurodegenerative disorders; hence green tea extract has been included as dietary supplement along with other supplements and multivitamins. Aim of the Work: Studying the effect of cyclophosphamide administration on the liver of adult male albino rats and the possible protective role of green tea extract. Material and Methods: The current study was carried out on 45 adult male albino rats. They were divided into three equal groups (each included 15 rats). Group I (control group) was injected intraperitoneally with normal saline at a dosage of 0.5 mg/kg body weight twice weekly for 9 weeks. Group II was injected intraperitoneally with cyclophosphamide (CP) (150 mg/kg/day) for two weeks. Group III: rats received green tea extracts orally (50 mg/kg/day) for three weeks, and then continued for further two weeks concomitantly with intraperitoneally cyclophosphamide (CP) injected (150 mg/kg/day). Results: Rats exposed to cyclophosphamide (CP) showed several histological and histochemical changes in their liver. These changes were improved by using green tea. Conclusion: The present work showed that green tea had preventive and therapeutic effect upon livers of albino rats after they were exposed to CP.
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an important action in reduction of the oxidative stress [1] [2] . Polyphenols and catechins constituting significant nutritional antioxidants groups are particularly found in the green tea [3] [4] . In addition to their antioxidant action, these nutrient substances exhibit anti-diabetic, antihypertensive, anti-atherothrombogenic, anti-carcinogenic, anti-oxidative, anti-inflammatory, and anti-fungal functions [5] [6] . Therefore, consumption of green tea is accompanied with a lower mortality rate particularly from the cardiovascular strokes [7] . The mechanism of protection exerted by green tea consumption against chronic diseases is unobvious, however, it had been suggested that the protective role of green tea intake with these diseases might be resorted to the antioxidant effect of its polyphenols and catechins [4] [8] [9] .
CP is a cytotoxic alkylating agent that is used extensively as an antineoplastic agent for the treatment of various cancers, as well as an immunosuppressive agent for organ transplantation, multiple sclerosis, systemic lupus erythematosus and other benign tumors [10] . CP treatment is associated with oligospermia and azoospermia, as well as biochemical and histological alterations in the testis and epididymis of human and rats [11] [12] [13] .
This study aimed to investigate the histological changes in the liver tissue of male albino rats which exposed to CP and the possible protective role of green tea.
Material and Methods

Experimental Animals
The current study was accomplished on forty-five adult male albino rats weighing 150 -170 gm. They were obtained from the animal house of Prince Sattam Bin Abdulaziz University, the rats were housed in temperature controlled rooms (25˚C) with constant humidity (40% -70%) and 12 h light/dark cycle prior to use in experimental protocols. Rats were fed a standard pellet diet and allowed free access to water throughout the study.
Green tea extract: was obtained as 300 mg tablets synthesized by Tecno Med Company-KSA. The tablets were crushed and the required amount was dissolved in distilled water.
Experimental design: The 45 rats were housed in normal standard conditions; including cages, 55% relative humidity, and central ventilation environment with 20˚C ± 2˚C temperature. Two weeks after accommodation phase, the rats were evenly divided into 3 groups (each included 15 rats). The three groups, that were kept on standard chow diet throughout the study.
The experimental animals were divided into 3 groups as following. After sacrificing animals, their livers were processed, stained, and examined microscopically.
Histopathological Technique
All the three groups of rats were sacrificed at the end of our experiment by halothane overdose. Autopsy liver specimens were excised, washed several times with normal saline, and each specimen was instantly fixed with 10% neutral buffered formalin, washed in tap water, dehydrated in successive ethyl alcohol grades of concentrations, cleared in xylol, and embedded in paraffin to make tissue blocks. Then, 5 micron sections were cut, placed on charged glass slides, and stained with hematoxylin and eosin stain (Hx. & Eo.) to examine structural morphology and detect histopathological changes, also stained with Mallory's trichrome stain to determine collagen fibers, in addition to staining with Periodic Acid-Schiff Reagent (PAS) method to identify the amount of cytoplasmic polysaccharides [14] .
Statistical Analysis
Statistical analysis was done using the SPSS statistical version 22. All data were expressed as mean ± standard deviation. P-values less than 0.05 were considered statistically significant. The results of both groups II and III were compared to those of group I (control group) and the results of group II as well were compared to those of group III by using the Paired-Samples "t" test.
Results
Histological and Histochemical Results
In Group I, (Control, untreated negative control), investigations of normalliver The hepatocytic cytoplasm is eosinophilic and appeared homogenous with many uniformly distributed coarse basophilic granules. Hepatocytes nuclei are large, vesicular and contain one or more nucleoli. There are many spindle-shaped Kupffer's cells appeared between the hepatocytes with deeply-stained nuclei (Figure 1(A) ). The hepatic portal tracts have branches of the hepatic portal vein, hepatic artery and the bile duct (Figure 2(B) ). In CP group, liver sections of rats showed dilated hepatic sinusoids. Affected hepatocytes lost their nuclei with vacuolated cytoplasm and some other shad pyknotic nuclei (Figure 1(B) ). Dilated hepatic portal veins filled with amyloidal substances as well as erythrocytes were seen and its walls were thickened and invaded with many fibroblasts. Many pyknotic nuclei were also noticed surrounding the portal vein (Figure 2(B) ).
Also, progressive wideness of hepatic sinusoids as well as irregular central veins were detected. Furthermore, there was a remarkable proliferation in the cellular wall of a ruptured bile duct (Figure 2 (Figure 3(A) ). Also, fine threads of collagen fibres were detected in the portal area surround the hepatic portal vein and bile duct (Figure 4(A) ). In Group II, liver sections of rats after taking CP showed an obvious significant increase in the collagenous fibres deposition around hepatic 
Carbohydrate granules appeared as coarse and fine pink granules in cytoplasm of hepatocytes (yellow arrows). (B) A photomicrograph of the liver of group II (CP) showing decreased amount of dispersed carbohydrates (red arrows). The amount of carbohydrates was mainly concentrated near the cell membrane of some hepatocytes (yellow arrows). (C) A photomicrograph of group III (Green tea + CP) showing reincrease in carbohydrates content of hepatocytes (yellow arrows). (PAS. (A) & (B) ×400 (C) ×200).
group (Figure 3(B) ). In Group III the amount of collagenous fibres deposition seen around hepatic sinusoids, central vein and portal tract structures was significantly decreased in comparison to the normal group (Figure 3(C) ). Within Group I, investigations of normal liver sections stained with PAS revealed PAS + ve reaction (Figure 4(A) ). However, carbohydrates were not uniformly distributed within the cytoplasm of these cells. Carbohydrates were found in the majority of the hepatocytes as coarse and fine pink granules. The nuclei showed negative affinity to the reaction (Figure 4(A) ). In Group II, liver sections of rats showed that the amount of liver carbohydrates was significantly decreased in comparison to the control group (weak PAS + ve reaction) and carbohydrates were mainly concentrated near the cell membrane of some hepatocytes. Moreover, the most destructed hepatocytes showed weak reaction (Figure 4(B) ). In Groups III, most of the hepatocytes revealed significant improvement of PAS + ve reaction in comparison to the cyclophosphamide group (Figure 4(C) ).
Discussion
CP is one of the commonly used anticancer drugs for its therapeutic efficacy against various cancers.
Our study revealed different degenerative hepatic structural changes in the whereas the vascular congestion might be resulted from a circulatory fluid loss followed by vascular engorgement with red cells [15] . Also, the present study displayed in CP treated group, a reduced hepatocytic glycogen content that might be pointed to the mitochondrial damage within the hepatocytes. Also, our study revealed a CP mediated excess of collagen fibrous formation, particularly in the portal tract area. Both observations (reduced glycogen and excess collagen) were consistent with the results of Sener et al [16] who stated that decreased glycogen content could be related to the liver damage induced by the released lysosomal hydrolytic enzymes from the hepatocytes following a stimulated lipid peroxidation. In addition, they mentioned that the lack of glycogen content might be caused by inhibiting the mitochondrial energy metabolism as well as hepatic inability either to store glycogen or to synthesize glycogen from lactate and pyruvate. They, as well, found that the vascular lesions which affected the hepatic perfusion could be a reason for hepatocytic degeneration and necrosis with subsequent reduction of total proteins and albumin formation causing their decreased concentrations in the serum.
Earlier studies have proved that ameliorative dose of CP could cause liver toxicity [17] . Experimental evidence recommends that oxidative stress is answerable for CP hepatotoxicity. It could generate reactive oxygen species (ROS) like superoxide anion, hydroxyl radical, and hydrogen peroxide (H 2 O 2 ) during its oxidative metabolism and discourages the antioxidant defense mechanism in liver [18] . A number of studies have shown that natural products with antioxidant activity protect against CP hepatotoxicity [19] [20] [21] .
Regarding the green tea and CP treated group, liver sections were comparable to the control. Such improvement of the histological picture might be due to the antioxidant effect of green tea. This hypothesis is so far supported by the reports that green tea prevents hepatotoxicity [22] . The health-promoting effects of green tea are mainly attributed to its polyphenol content (catechin). Catechins reduced the formation of peroxides more effectively than alpha-tocopherol [23] .
This hypothesis could be supported by Chacko et al. [23] who stated that green tea significantly decreases lipid peroxidation. Moreover, Shimizu et al. [24] reported that the anti-oxidative and anti-inflammatory activities are the key mechanisms of green tea catechins (polyphenols).
Finally, our present study observed, in group III markedly significant structural hepatic amelioration and protection compared with previously detected severe degenerative changes seen in group II. Furthermore, in that group there was an apparent improvement of liver architecture with some mild morphological changes like a mild dilatation of portal vein, a mild periportal mononuclear cellular infiltration, and a very few perivenous and portal collagen fibers formation.
Conclusions
The present study identified pathological features in the rat liver treated with CP. It also provided an evidence of the possible hepatoprotective effect of green tea against the hepatotoxic effect of CP. Therefore, supplementation of green tea to CP treated patients should be routinely advised in order to protect and to cure their livers against such undesirable effects of that medication. Further study is necessary to elucidate target compounds from green tea responsible for liver protection.
In addition, human investigations are recommended to be carried out to demonstrate whether similar results could be obtained.
